Mast cells (MCs) can influence the maturation of collagen fibers. This study evaluated the relationship between the distribution and degranulation of MCs and collagen maturation in human gingival tissue in chronic periodontitis. A total of 16 specimens of patients clinically diagnosed as periodontitis and 18 controls clinically diagnosed as healthy or gingivitis were included. Immunohistochemistry and Picrosirius staining were performed to identify MCs and assess collagen fibers, respectively. Chi-square, t test, and Pearson's correlation test (p<0.05) were used. In control specimens, there was a positive association between MCs in the connective tissue and the presence of immature collagen (p=0.001); in periodontitis samples, this association was not confirmed (p≥0.12). There was no significant relationship between periodontal diagnosis and collagen maturation or MC degranulation (p≥0.35). MC density was significantly higher (p=0.04) in periodontitis tissue (339.01 ± 188.94 MCs/mm 2 ) than in control tissue (211.14 ± 131.13 MCs/mm 2 ) in the area of connective tissue containing inflammatory infiltrate. There was a correlation between the number of MCs and probing depth (r = 0.34, p=0.04). MCs are involved in the pathogenesis of periodontal diseases and might be associated with collagen maturation in periodontal tissue during the early stages of periodontal disease pathogenesis. (J Histochem Cytochem 66:467-475, 2018) 
Introduction
Periodontitis is a chronic inflammatory disease that is initiated by an inflammatory response to dental plaque bacteria. Disease progression is due to a combination of factors, including host inflammatory response to periodontopathic bacteria, which leads to the destruction of periodontal tissues. 1 Significant changes occur in specific cell populations, including fibroblasts and mast cells, during the pathogenesis of periodontitis. 2 Mast cells (MCs) have been determined to be crucial effectors in chronic inflammatory diseases such as rheumatoid arthritis, 3 atherosclerosis, 4 and periodontitis. 5 In periodontal tissues, they are present within the gingival epithelium and connective tissue, 6 and are important initiators and effectors of innate immunity. MCs are activated during the innate immune response to pathogens, and can secrete products, including tryptase, chymase, cathepsin G, 7 histamine, heparin, serotonin, 8 acid hydrolases, 9 metalloproteinases, [10] [11] [12] tumor necrosis factor-α, 13 and other interleukins. 14 Furthermore, these cells have a role in the cellular immune response, facilitating the development, amplifying the magnitude, or regulating the kinetics of adaptive immune responses. 15 Furthermore, MCs are able to capture, process, and present antigens. 5 MCs are found in both healthy and diseased gingival tissues, and their density in periodontal diseases is a topic of much speculation. Some studies have 765131J HCXXX10.1369/0022155418765131Mast Cells and Collagen Maturatione Ribeiro et al.
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reported that in inflamed and healing gingival tissues, the number of MCs is elevated, [16] [17] [18] [19] whereas other studies have reported decreased numbers. [20] [21] [22] The activation of MCs is a feature of chronic inflammation, and this can lead to tissue fibrosis as a result of increased collagen synthesis by fibroblasts. 23 However, MCs can also stimulate fibroblasts to secrete collagenases, suggesting that these cells might modulate the function of connective tissue cells 24 and influence the maturation and degradation of collagen fibers in periodontal tissue. Interactions between MCs and collagen degradation is crucial for the development of several conditions such as keloid formation, chronic graft versus host disease, and wound repair, 25, 26 and may also be important in the periodontal diseases. However, their interaction in the periodontal tissues is unknown. We hypothesized that there is an association between MCs and collagen maturation during chronic periodontitis. Therefore, the present study was designed to investigate the relationship between the distribution and degranulation of MCs and collagen maturation in periodontal tissues and during chronic periodontitis.
Materials and Methods
This study was approved by the Ethics Committee of Research (06-306). A written explanation of the study purpose was provided, and signed consent, according to the Helsinki Declaration, was obtained from each participant.
The individuals included in the present study were males and females, 18 to 62 years of age, with no history of systemic disease; subjects did not use antibiotics or anti-inflammatory medications 6 months before this study and were not smokers or former smokers. A total of 34 gingival tissue specimens were obtained from 16 subjects with chronic periodontitis and 18 individuals demonstrating periodontal health (n=8) or gingivitis (n=10) (control group).
All permanent, fully erupted teeth were examined. Probing depth (PD) and distance between the cementenamel junction and the free gingival margin (CEJ-GM) were measured at six sites per tooth (mesiobuccal, midbuccal, distobuccal, distolingual, midlingual, and mesiolingual). Measurements were made in millimeters and were rounded to the nearest whole number. Clinical attachment level (CAL) was calculated as the sum of PD and CEJ-GM measurements. The diagnosis and classification of periodontal diseases was performed for each patient. 27 In the biopsy site, chronic periodontitis was defined as the loss of clinical attachment (level ≥4 mm), which was associated with bleeding upon probing. 28 Sites that did not show any of the above symptoms in individuals with periodontal health or gingivitis were included in the control group. One single trained periodontist performed periodontal examinations, using a manual periodontal probe (PCP-UNC 15; Hu-Friedy, Chicago, IL) and biopsies.
Histological Staining and Grading
Immunohistochemistry was performed on paraffin sections (3-µm thick). The tissue sections were routinely deparaffinized and rehydrated. Endogenous peroxidase activity was blocked using hydrogen peroxide. A polyclonal anti-tryptase antibody (Clone AA1; Dako Corporation, Carpinteria, CA; dilution 1:50) was used with the EnVision System (Dako). The sections were incubated with MC tryptase (Dako), at a dilution of 1:50 for 12 hr at room temperature. The immunohistochemical reactions were developed with diaminobenzidine (Dako) as the chromogenic peroxidase substrate, and the slides were counterstained with Harris's hematoxylin. The positive control was a squamous cell carcinoma sample.
MCs were counted manually by two previously trained examiners, using one entire tissue section from each sample. The oral epithelium (OE), junctional epithelium (JE), and connective tissue (CT) containing inflammatory cell infiltrates (CTI), and sites adjacent to inflammatory cell infiltrates (CTWI) were evaluated separately. The images were digitized by a camera (Zeiss; Germany, 2008) and the corresponding OE, JE, and CT areas were measured using Image J software (Image J 1.48; National Institutes of Health, Bethesda, MD). Subsequently, the density of MCs was calculated by determining the number of MCs per unit area (cell number/mm 2 ). For degranulation evaluating, any cluster of MC granules with a dark-brown appearance that was clearly distinct from the adjacent cell membrane was considered degranulated. 19 The degranulated MCs were semiquantitatively categorized as ≥50% or <50% degranulated for each specimen.
To assess collagen maturation, 5-µm thick sections were stained with Picrosirius. The sections were classified according to the following scores: ≥50%, regular mature collagen fibers (intense red color and thick fibers), or ≥50%, immature fibers (light red color, fine fibers, and interleaved). Red color in normal oral mucosa was used as control.
All sections were analyzed by light microscopy (Axio Lab; Zeiss, Germany, 2008) at a 400× magnification at the Laboratory of Surgical Pathology of the School of Dentistry, Federal University of Bahia.
Statistical Analysis
The mean MC density in OE, JE, and CT were compared between periodontitis and control specimens by performing a Student's t-test. A Mann-Whitney test was performed when homogeneity of variances was not detected.
A chi-square test was used to analyze the relationship between MC degranulation and collagen maturation, as well as the relationship between periodontal status and MC degranulation, and between periodontal status and collagen maturation.
A Pearson's correlation was used to analyze the relationship between MC density and periodontal clinical parameters (PD, gingival recession [GR], and CAL).
Data analysis was performed using a statistical software program (SPSS version 13.0; SPSS Inc., Chicago, IL), and the significance level was set to p<0.05.
Results
MC density was significantly higher in periodontitis tissue (mean ± SD: 339.01 ± 188.94) than in controls (mean ± SD: 211.14 ± 131.13) in CTI (p=0.04). There were no differences between periodontitis and control specimens in terms of MC density in OE, JE, and CTWI (p≥0.19). See Table 1 and Fig. 1 .
Only in the control group, there was a statistically significant association between an enhancement of immature collagen and increased MC density in the CTWI (p=0.001; Table 2 ). No statistically significant association between collagen maturation and MC degranulation was found (p≥0.30; Table 3 ). There was no significant association between periodontal status and either MC degranulation (Table 4 and Fig. 2 ) or collagen fiber maturation (Table 5 and Fig. 3) .
A Pearson's correlation test indicated a significant correlation between MC number and probing depth (r = 0.34; p=0.04; Table 6 ). No further associations were found between other clinical parameters and MC density (p≥0.12).
Discussion
This study revealed that in health and gingivitis (control) specimens, there was an association between higher MC density and more immature collagen. Furthermore, MC density was higher in periodontitis tissues than in control tissues in areas of CT with inflammatory infiltrate, and there was a positive correlation between MC density and PD. No significant relationship was observed between periodontal diagnosis and collagen maturation or MC degranulation.
It was hypothesized that there is an interaction between MCs and collagen maturation during chronic periodontitis. As in the control specimens, there was a significant association between increased immature collagen and increased MC density, and it was not observed in the periodontitis group; therefore, the hypothesis was confirmed. It may be suggested that this interaction is disturbed in periodontitis. The immature collagen may represent newly formed collagen fibers due to collagen degradation.
In contrast, no significant relationship between degranulated MCs and periodontal diagnosis was found. No significant relationship between degranulated MCs and periodontal diagnosis was found. This result contrasts those of previous studies, which found an increased population of degranulated MCs in periodontitis 19, 29, 30 and observed weak evidence of MC degranulation in healthy gingival tissues. This suggests that MC products might not be the primary driver of gingival destruction, but rather are contributing or secondary factors involved in the evolution of periodontal disease.
A higher MC density was observed in periodontitis tissue in the area surrounding the CT with inflammatory infiltrate and a positive correlation between MC density and PD was also found. Whereas many authors have shown increased MC density with periodontitis, [17] [18] [19] 30 others have shown a decreased number with periodontal inflammation. [20] [21] [22] These contrasting results can be explained by the fact that periodontal disease is an inflammatory disease with different stages of development and activity. 31 In addition, specimens exhibiting different inflammation statuses might have been analyzed. Independent of MC density in periodontitis, it is clear that these cells participate in host defense and inflammation in gingival tissues. e Ribeiro et al.
MCs have important effector functions against pathogens. 17, 18, [32] [33] [34] [35] Once released into the circulation, undifferentiated precursors complete maturation and differentiation after being recruited to specific tissues, a process that is influenced by environmental factors, cellular origin, bacterial products (lipopolysaccharides), and cytokines. 5 MCs are distributed throughout the tissue, and are typically located adjacent to blood vessels and lymph vessels and near the epithelium. 5 In this study, it was shown that MCs are distributed in the OE, JE, and CT in both clinically healthy and periodontitis gingival tissue. Sample size can be considered a limitation of this study. Studies with a larger sample size should be subsequently performed. Future studies should also attempt to better characterize the stage of inflammation for the included samples. Furthermore, the age of the patients should be taken into account in future studies, as age-related changes in rates of collagen synthetic and degradative processes have been described. 36 In conclusion, MCs are involved in periodontal disease pathogenesis, independent of disease stage, and might be associated with collagen fiber maturation in periodontal tissue during the early stages of periodontal disease. The present results improve the understanding of periodontal disease pathogenesis and might help in the development of new therapies based on host response. 
